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ABSTRACT 
The crack extens;on in a plate under plane loading with an arbi-
trary force at a remote point and the combined loading of a point force 
and uniform tension is examined both theoretically and experimentally. 
Plexiglas plates with central cracks were used as test specimens. Stress 
intensity factors of individual loadings are superimposed for combined 
loading cases. The hypothesis that the crack will grow in the direction 
i 
I 
perpendicular to the largest tension at the crack tip is verified. 
Failure of the cfacked plates is evaluated in terms of the critical 
... 
stress intensity factors. 
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. IN TRODUC TI ON 
' . 
In fracture mechanics the examples of crack extens;on can be 
divided into three basic modes [1, 2, 3]. The opening mode, which 
is encountered in symmetr;cal extension and loading of cracked mate-
rials, is associated with local displacements in which the crack 
surfaces move directly apart. The sliding mode, which is presumed 
to occur in ske~-symmetric plane loading of cracked materials, is 
characterized by displacements in which the crack surfaces slide over 
one another perpendicular to the leading edge of the crack. The tear-
~) 
ing mode is assumed to occur in skew-symmetric bending (twist;ng) 
of cracked plates or skew-synrnetric loading of cracked plates by / 
forces perpendicular to their planes. Here the crack surfaces slide 
with respect to one another parallel to the leading edge of the crack. 
In all three cases, it is assumed that the crack is a straight 'through 
cut, perpendicular to the plane of the material. 
In the fracture mechanics each one of the crack extension modes 
mentioned above is associated with a corresponding stress intensity 
factor K1, K11 , and K111 • They represent the strengths of stress 
singularities at the crack tip and are determined from the infinites-
imal elasticity solution of the problem. Stress intensity factors 
may be physically interpreted as parameters which reflect the redistri-
bution of stress in a body due to the introduction.of a crack, and 
in particular, they in~icate the type (mode) and magnitude of force 
transmission through the crack tip region. 
-2-
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The Griff;th-Irwin fracture theory states that, under the loading 
conditions described above, the slow crack·extension will start when 
the corresponding stress intensity factor reaches a critical value. 
·i:, 
It is generally assumed that the critical stress intensity factors, 
KIC, KIIC, and KIIIC' are material properties whose values depend 
on such factors as the materi a 1, thickness of the pl ate., and type 
of loading. Experimental studies have been made of other types of 
loading and their results support this theory [4, 5, 6]. 
·· ... The purpose of this investigation will be to study the case of 
a crack in an infinite sheet subjected to arbitrary forces at points 
, remote from the crack surface. The combined loading of a force at 
a point in the upper half plane and uniform tension at the bottom 
of the plate is also considered. The material will be considered 
to be ideally brittle with a straight through-the-thickness crack • 
.. 
~: 
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·THEORETICAL DEVELOPMENT 
For the case of plane strain or generalized plane stress where 
thematerial contains a straight crack, the stress state in the neigh-
borhood of the crack tip can be written as follows [1, 7j(see Figure 
I e [ ( ~ @) ~ J ()":. ~a!l1 Co5 °a Kr ltS-)1\J ~-~ + ~ l~n:51Ne 
1 ) : 
. ~ 
1 e [ ~a -:; Nel <T'e"" f;p1' C.OS ~ K-t C.05 ~ - ~ K:n:; 51 .J (1) 
~e =- ;). ~d-1\; c. o S ~ [ Kr S I N e + K:]l: ( 3 c. o S G - I)] 
· In these equations, K1 and K11 are the symmetric and skew-symmetric 
components of the stress intensity factors. Three well known hypotheses 
for the extension of cracks in a brittle material under slowly applied 
plane 1 oads are: 
(a) The crack extension starts at the crack tip in the radial 
~\ direction. 
(b) The crack extension starts in the plane perpendicular to 
..___/ 
the direction of greatest tension. 
(c) The crack will grow when the stress intensity factor reaches 
a critical value as stated in the Griffith-Irwin theory 
for plane extension. 
·, These hypotheses imply that the crack wi 11 start to grow from 
. 
the crack tip in the direction along which the tangential stress, 
<fe , is maximum, and the shear stress, ~e , • 1s zero. To find 
the angle of crack extension, e(l , from equations ( 1) we can set 
T.,_.e equal to z~ro. Doing this we have 
C05 ! [ Kr Sltv'6+ k:r.c.(~C.059-1)]::.0 
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This gives . e -=- ·:t 1f 
(3) Kr SIAIBo t KJt. (3COSeo-l)~ 0 
The solution 6= ± 1( corresponds to the free surface conditions, 
and the second equation of (3) gives 8oin terms of K1 and K11 • For the special case shown in Figure 2 of a crack in an infinite 
sheet subjected to an arbitrary force and couple at a remote point, 
~I and K11 are given for the right end of the crack by .[8, 9] K: KI • k'§ - A. 
l f (P+AQ) [ a t Z.o - l (.1( CA) 11'-- ( I t J<) l z; - a~) ii,._ -
_J (C,\ t ZJ ] (Lf) 
- c=z.:-o:) - } t-)f 
j c.\. C p-;QJ(Z:o --z..,)+iC<.(1-X)J'\ l z: .. - ~) ( =i. .,~ - o . '-) 'h... + 
'Ao+ ,.i. Yo where 7-o ·-
.,T. 
... 
, z Xo - ;. Y~ -Zo 
·" 
:; . ~~:··. 
Jf. ~ (3 -YJ/c1+ V) ( p 1 a ne stress) 
y -a. Poisson I s ratio 
For the case shown in Figure 3 of a crack in an infinite sheet 
subjected to a uniform tension at an arbitrary inclination, K1 and KII are given by (8) 
K r = er s ' N ,. ~ ( tr o.. J 't.it.. 
11,__ !-(]! =(f SIN~ C.0$@ (1(0.,) 
(.5) 
When a cracked plate is under the influence of several different types of 1 oadi ng, "resultant•• stress intensity factors may be found 
.. 
by the superposition of the stress intensity factors for each individual type of loading. Substitution ;nto equat;on (3) will give the angle 
of crack extension, eo • 
-5-
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For the case of an arbitrary force at a remote point, values of 
K1 and K11 can be obtained from equation (4) by resolving the force 
into components P and Q. Substitution of these values into equation 
(3) gives the value of the crack angle Bo. For the special case 
of in-plane forces and rotated cracks (see Appendix A). 
[( K1i1 - I~, r;~) s,Ne 
t ( K1 p 1 - KI p,._) [ 0 5 f ] 51 N e,, 
t[(t<~~ 1 - k'ol.~~) 51Nf ... 
+ ( Kl. f 1 - 1<:i. p-. )cosf](3lo.se;-1) = o 
When a cracked plate is under the combined loading of in-plane 
forces and uniform tension at infin;ty, values of K1 and K11 are 
obtained by the superposition of equations (4) and (5). Again, the 
substitution of values for the·stress intensity factors into equation 
(3) will give the crack extension angle So. For the special case 
shown in Figure 4 of the combined loading perpendicular to the crack 
of an in-plane force at a point and uniform tension at infinity, we 
obtain (see Appendix B). 
(k1~fO,OCfBS)StNB"t Ki~ (3(_DS€Jo-1)::0. 
r' 
(7) 
.,z· 
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EXPERIMENTAL PROGRAM 
Plexiglas was chosen as the material for the construction of 
the test specimens. It has ;sotropic properties and behaves as a brittle 
mater;al at room temperatures •. The· cutting of cracks and the prepara-
,,. 
tion of a natural crack tip in Plexiglas can be done with relative ~ 
f ease. Being a clear material, the initiation of crack growth is easily 
observed. Also defective cracks are easily detected and the specimen 
can then be discarded. 
Plexiglas plates 9" by 1811 long and a nominal thickness of 1/811 
were prepared from sheets of Plexiglas 11G11 which is manufactured by 
the Rohn and Haas Company and purchased locally. All cracks were 
nearly two inches long with an orientation dictated by the type of 
test being performed. 
Two small ho'les were drilled along the direction in which the crack 
was to be cut. These holes allowed a jeweler's saw to be inserted 
through the specimen and provided a me~for alligning a cutting 
guide, consisting of two metal $trips on each side of the specimen, 
to insure a straight cut. The crack was sawed to a length of 1.811 • 
Natural 0 crack tips, were added to each end to bring the crack up to 
the 2" 1 ongth. A si ngl e-egge razor blade, cl amped in a vise, was 
;nserted in the saw cut. The plate was tapped with a hamner to produce 
a natural crack tip. 
Load was applied to the cracked plat~by a Baldwin 60,000 lb. 
Universal Testing Machine. The load was applied at a slow, constant , 
.•. I 
rate and measured by fhe load dial pointer at the initiation of crack 
~7-
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growth. The plates were loade·d to complete failure and the plate 
thickness was measured in the area of the crack. The fracture angle 
of the init;a1 crack growth was also measured. Several tests were 
repeated and the results were reproducible within ten percent. 
Point loading tests of cracked plates: 
The a~plication of a force at a point i-n the plane of a cracked 
plate was atcompt i shed by dri 1 ling a hole in the pl ate, inserting ' 
a steel pin, and loading the pin by a set of loading arms. (see 
Figure 6) To maintain the orientation of th~ force with respect to 
., the crack, two opposing forces were applied in the plane "of the plate 
while the posit;on of the crack was located to fit each desired con-
figuration. Strain gages were attached to the loading arms and '",readings 
were taken to compare with the value of the load as indicated by the 
test;ng machine. The two values were in agreement. The gages were 
also used to check for balanced loading by individual arms. Adjust-
ments in alignment were made to correct for uneven loading. Pins 
of 1 /8•• di.ameter were used for force application in the vi ci ni ty 
of the crack, but forces applied at some di stance from the crack 
resulted in a crack growing from the dr i 1 led ho 1 e. This was due 
to the high stress concentration at the pin in an area where mi'cro-
cracks may have been formed by the drilling of the hole. For these 
cases, pins of 1 /411 diameter were substituted and the testing was 
continued. Several tes 1ts were made where 1/4" pins were substituted 
for the 1 /811 p; ns. · This resulted in the 1 ower i ng of the fa i 1 ur~ 1 oads 
by ~ ten percent • This tends to ind;cate the existance of a size effect. 
• 
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Point loading with in-plane forces and rotated cracks: 
In-plane forces \'Jere applied at 1 /2'' i n·terva 1 s to prepared 
Plex;glas test plates with -2•• cracks oriented at 15° intervals. 
·(see Figure 7) The load at the initiation of crack growth, the crack 
) growth angles and the plate thickness were measured • 
. ,In-plane forces aeplied perpendicular to the crack: 
In-plane forces were applied perpendicular to a 211 crack in a 
!,\,, 
" prepared Plexiglas test plate at 1/2 11 grid locations in the area of 
the crack. (see Figure 8) The load at the initiation of crack growth 
and the plate thickness were measured. In the particular loading 
configuration, the crack· extension angle was zero. 
0 
Point loading with in-plane forces parallel to the crack surface: 
. · Attempts were made to lead Plexiglas test plates with in-plane 
point forces parallel to the crack surface. In all ... cases tested, 
crack growth occurred at the hole drilled for the pin loading~· This 
" 
.. led to the discontinuation of this series of tests. 
Point loading with a moment in the plane of a cracked plate: 
Attempts were made to apply a moment load at a point in the plane 
of a Pl exi gl as test plate. Ini ti a 1 tests were made by dr i.11 i ng two 
1/8•• diameter holes 1/4•• apart, inserting steel pins, and attaching 
two loading arms. A moment could be applied by rotating these loading 
arms. For the plates that were tested, cracks grew from the drilled 
holes. Attempts were made to prevent this by reinforcing the area of 
moment application with Plexiglas disks bonded to the plate but crack 
growth still occurred at the drilled holes. Further attempts to apply 
-9-
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' J'::· ~ ,.1·.~·t..~ a moment 1 oad included the· e 1 imi na t; on of dr i 11 ed ho 1 es by di r_eci; , ·\.:.,~,., ~--. , ..
bondiog between the plate, thedPlexiglas disk, and the loading arm 
with Eastman 910. This resulted in the failure of the bond when the 
moment was applied and the eventual discontinuation of this series 
of tests. 
Combined loading with in-plane loading at a point and unifo.rm tension 
at infinity: 
A uniform tension field across one end of the Plexiglas t~st 
plate ~as applied by steel clamping bars bolted tightly to the plate. 
Five holes were drilled along one edge of a plate. The two end holes 
were 3/881 diameter and the other 7/1611 diameter. The end holes were 
used to allign the clamping bars. The use of 3/811 bolts assured that 
the clamping bars app.lied only frictional contact with the plate and 
eliminated any up;nu loading of the plate. The application of a force 
in the plane of & cracked plate was accomplished by methods described 
earlier. A hole was drilled, and a steel pin was ins_erted and loaded 
through a set of loading arms. (s~,e Figure 9) 
Combined loading perpendicular to the crack of an'· in-plane force at 
a point and uniform tension at infinity: 
Prepared Plexiglas test plates were subjected to the combined ; 
loading of an in-plane force perpendicular to the crack surface in 
the upper half plane and uniform tension in the lower half plane. 
(see Figure 9) The in-plane force was applied at 1/211 intervals from ..... 
the crack surface to 2" from the crack and at 1 /2 11 ; nterval s from the 
vertical passing through the crack center to 1-1/2''• (see Figure 4) 
-10- ·. -
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Computer Programmings 
.. 
Due .to the complexity of equation (4), the G. E. 225 Computer 
was used for the calculation of the stress intensity factors. The 
computer is not adapted to handling complex numbers directly, and 
therefore it was necessary to handle the real and imaginary parts 
' ) 1/~ of the numbers separately. The complex expressions ( z; - Q. a · 
-~ )J,, 
and (Zu -0...~ a were progranmed to fall in the same half plane as_ 
- ' 7.o and Lo, respectively. This follows the test used by Muskhelishvili, 
• 
, .e ., 
point 
The stress intensity factors K1 and K11 .were found for in-plane 
loadings of1 a unit load perpendicular tot.he crack surface (KlQ, 
\.. 
K2Q), a unit load parallel to the crack surface {KlP, K2P), and a 
unit moment (K1M, ~2M) as a function of position. These values are 
) 
presented as a set of curves. (see Figures 10, 11, 12, 13, 14, 15) 
Curves for KlQ, K2P, and KlM are skew-symmetric about the crack plane. 
Curves for K2Q, KlP, and K2M are symmetric about a normal to the· crack 
plane through the center of the crack. For all calculations a value 
of ~ = 1/3 was used. For the computer program flow chart, see Figure 
16. 
• 
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DISCUSSION OF EXPERIMENTAL RESULTS 
' ' Poin~ loading with in-plane forces and rotated two inch crack•: 
The test plates, represented by Figure 7, were subjected to point 
loading with in-plane forces. The measured values of the fracture 
angle, 9ot, are shown ;n Table 1 along with the theoretical fracture 
. angles found from equation (6)e The two values agree within two to 
three degrees for 1 arge va 1 ues of ~ • . As ~ decreases, the crack 
now tends toward alignment with the loading direction and the devia-
tion • with a maximum difference of seven degrees. 1 ncreases 
It can be noted that the sum of@ and Go, ; s greater than 90°. 
This • in agreement with results • by Erdogan and Sih [ 6]. 15 given 
The theoretical value of the fracture angle was obtained from 
a·calculation which superimposed the stress intensity factors for 
} 
loadings parallel and perpendicular to the crack surface. Close agree-
ment between the theoretical and experimental values of the crack 
angle indicates that such a superposition, is valid. 
Combined loading perpendicular to a two inch crack of a point force 
and uniform tensioni 
., 
Test plates, represented by Figures 4 and 9, were subjected to 
point loading in the upper half plane and uniform tension perpendicular 
to the crack surface at the bottom of the plate. The measured exper-
imental values of the fracture angle, Go,, as a function of load loca-
tion are found in Table 2. The theoretical fracture angles found 
from equation (7) are also listed. Agreement within four to five 
degrees can be found for loading points above the crack but at a 
·-12-
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distance from the crack sur.faces. As the point 1 oad approaches the 
crack surface, the difference be tween these ang 1 es i ncre~ases. For 
load locations beyond the crack tip, the difference in values is more 
pronounced. The calculation of the fracture angle was made by the 
superposition of the stress intensity factors for point loading and 
un;form tension. Experimental results indicate that this can be done 
above the crack at distances away from the crack surface. As the 
point load location approaches the crack surface or moves beyond the 
crack tip, direct superposition- is less accurate. 
The critical stress intensity factors for the first mode, given 
by equation (Bl) of Appendix B, are found in Table J. The values of 
KIC vary with position and tend to increase in value as you approach 
the crack tip. •• 
·Point 1oading with in-plane forces perpend;cular to the crack surface: 
Test plates as shown in Figure 8 were loaded with in-plane point 
forces located synmetrically with respect to the crack plane. In 
this 1 oadi ng ~configuration the fracture angle, eo,, was zero for a 11 
tests. The critical stress intensity factors for the first mode as 
a function of point load location obtained from equation (A2) of 
Appendix A are found in Table 4i The same general trends exists with 
these values of KIC as with the values for point force uniform tension 
loadings. Namely, the stress intensity factors tend to increase as 
you approach the crack tip. For comparison, the values of KIC for 
the po;nt forces and uniform tension loadings and the point f~rce 
loadings perpendicular ·to the crack are presented in Table s. In 
general, the values of KIC for the individual locations are comparable • 
-13-
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By takinig Ki~ = 836, a materi a 1 property for Plexiglas as reported 
. -~.)' ~. 
by Erdogan and Sih [6], a comparison is made between theoretical and 
exper;mental values of the stress intensity factors. For the case 
of point force loading perpendicular to the crack, theoretical and 
experimental values of K1 are gfven for a unit force. {see.Figures 
17, 18, 19, 20) The two values are in good agreement although some 
scatter is present. 
The same comparison is made for the case of a point force in 
one half plane and uniform tension in the other half plane. Theoretical 
and experimental values of K1 are given for a unit load in Figures 21, 
22, 23, and 24. Both values fol low the same trends with some scatter 
of the experimental values. In general the theoretical values \'Jere 
' larger than the experimental values. The agreement for this combined 
loading is not as good as that for the pin-pin loading. 
·o 
. .,, :~ 
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CONCLUSIONS 
.J 
In light of the analysis and experimental results described above, 
the following conclusions can be reached. 
Experiments revealed that for a brittle material such as Plexiglas, 
the 11s1iding11 mode of crack extension does not take place. The mode 
of fracture seemed always to be the opening mode. This is in agree-
ment with results obtained by Erdogan and Sih [6]. 
Hypothesis (b) stated that crack •xtension starts in the plane 
perpendicular to the direction of greatest tension. Agreement between 
the experimental and theoretical values of the fracture angle, which 
were arrived at using this hypothesis, support th1is statement for the 
case of concentrated force loadings. 
Hypothesis (c) stated that the crack will grow when the stress 
intensity factor reaches a critical value. The values of KIC in 
Table 3 for a)point force and uniform tension and. in Table 4 for 
point forces perpendicular to the crack indicate that the stress 
intensity factor is a function of point load location, with the 
largest val~es occurring near the crack tip. The value of KIC for 
Plexiglas was given by Erdogan and Sih[6]as 836. The values given 
in Table 5 show this to be a conservative value and useful as a design 
criterion. Designing for the values in Table 5 would result in an 
over-designed system. 
Good agreement between the experimental and theoretical fracture 
,t, 
angles in Table 2 for the case of an arbitrary force at a point fodi-
cates that the stress intensity factors can be successfully superimposed 
for this type of loading. Comparing the theoretical and experimental 
\'. 
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fracture angles in Table 2 for point forces and uniform tension indi-
cates that superposition of the stress intensity factors can be used 
' :;_ for a point force at some distance from the crack surface. As the 
~, t • point force location approaches 'the crack surface, superposition is 
less accurate. 
The reduction in failure load with the increase in pin size indi-
cates the possibility of a size effect on the stress intensity factors. 
This area is left open for further investigation. 
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Table 1 
Experimental ~nd Theoretioal Fracture Angles 
for in-Plane Point Forces and Rotated Cracks 
b 
(in.) (deg.) 
1/2 0 
1 ~- '""-·~·, 0 
1-1 /2 0 I \ ~ 
··.0 2 0 
.ir·~-\:. •:·' .;·,..-~'' .' 
s 
' -~ 
' ' l'/i 19.5 
1 21 iO 
1-1 /2 22.0 
2 23.5 •.• 
1/2 37.0 
1 38.o 
1-1/2 41.0 
2 40.0 \ .. 
1/2 53.5 
1 ';. 49.0. 
1-1/2 52 .5 
2 58.o 
1 /2 67.0 
\,, . 60.5 
1-1/2 61.5 
2 66.o 
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Table 2 
Experi~ental and Theoretical Fracture Angles 
for Point Force-Uni form ,_Tension Loading 
Yo 
(; n •) (deg.) 
2 
-12.0 
1-1/2 -14.5 
• 1 
-21 .5 
1 /2 -25.5 
0 
-19.5 
2 
- 1.0 
1-1 /2 
- 2.0 
1 
- 6.o 
1/2 -14.7 
i .. , 0 -10.0 
2 10.0 
. )' 
1-1/2 14.5 
1 17.0 
1/2 19.5 
2 21.5 
1-1/2 19.5 
1 28.0 
1 /2 31.5 
0 35.0 
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~ ::- ' Critical Stress Intensity Factors 
for Point Force-Uniform Tens;on Loading i 
• 
Xo Yo Q h K (; n.) (; n.) (lb.) (in.) ( 1b;l~3/2) 
0 2 365 0.109 977 0 1-1 /2 325 0.116 904 
0 1 307 0.124 903 
0 l/2 339 0.116 792 
0 0 345 0.136 965 
1 /2 2 395 0.109 1131 
1 /2 1-1 /2 387 0.127 1120 
1 /2 1 310 o. t 41 992 
1 /2 1 /2 240 0.146 928 
1 /2 0 205 0.122 985 
1 2 440 ;£9. 0.114 1157 
1 1-1/2 365 0.107 1183 ' ' ' I 1 1 335 0.107 1339 
1 1 /2 257 0.134 1155 
.r· 
1-1 /2 2 441 0.127 902 
1-1 /2 1-1 /2 484 0.123 1081 
1-1 /2 1 355 0.116 859 
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Table 4 
·Critical Stress Intensity Factors· 
for in-Plane Point Forces Applied Perpendicular to a Crack 
Xo. Yo. Q h K (in.) (; "·) (lb.) (in.) ( lb;f~3/2) 
.. 
0 2 305 0.129 912 0 1-1 /2 240 0.124 886 0 1 .. 175 o. 103 904 0 1/2 150 0.105 816' 
1 /2 2 285 0.127 960 1 /2 1-1 /2 207 0.109 1022 1 /2 1 145 0.108 932 1 /2 1/2 142 
.. · 0 .104 1272 
. ' . 1 2 293 0 .111 1062 1 1-1 /~ 225 0.123 912 1 1 160 0.100 1052 1 1 /2 113 0.107 1052 
/ 1-1 /2 2 446 0.126 ( 1140 () 1-1 /2 1-1 /2 305 0.121 1030 1-1 /2 1 360 0.146 900 1-1 /2 1/2 320 0.133 602 
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Table 5 
A Comparison of Critical Stress Intensity Factors for Po;nt F6rces 
~ 
/!J and Uniform Tension and Po;nt Forces Perpendicular to a Crack 
. . 
.J. 
KIC (point force KIC ~ .-,,,. 
(point for~es) Xo Yo and uniform tension) 
(in.) ( in.J ( lb/i n3/ 2) ( lb/i n3/ 2) 
, . 
. ,_ ' ', 
0 2 977 912 0 1-1 /2 904 886 r---·=·~.:;· 0 903 904 
.. ·.,,.·/~ 
r 
816 0 1 792 
1/2 2 1131 960 
' 1 /2 1-1 /2 1120 1022 1 /2 1 992 932 1/2 1/2 928 1272 
1 2 1157 1062 1 1-1 /2 1183 912 \ 1 1 1339 1052 1 1 /2 1155 1052 
1-1 /2 2 902 1140 A 1-1 /2 1-1/2 1081 1030 1-1 /2 1 859 900 1-1 /2 t /2 
' 
625 \ 602 
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APPENDIX A 
( 
The crack extension angle for point loading of· in-plane forces 
and rotated cracks can be determined as follows (see Figure 5): 
- Equation (3) gives the crack extension angle, Bo, as 
KI 5 l Iv' E,o + K :0: ··( 3 COS '9° - } ) -::. . 0 ( A } J 
The right end of the crack is influenced by loads L1 and L2• Resolve 
L1 and L2 into components: Q1-=L, SINe 
P, c. L, c.o5.~ 
o~=L~s,Nf 
p~ : L ,\. (_OS~ 
Let K.q. and K.p. be the stress intensity factors for mode i obtained 
, J , J 
from programming equation (4) for unit loads Q. and P •• The stress 
J J 
intensity factors K1 and K11 can be obtained by superposition while 
accounting for ~he negative direction of~ and P2• 
+ v h L' a "" K h. L: c.os A J · . . ,, 1 r t h c o s r - 1 JJ ~ r 
f K ,- f, 1 ~' c..o 5 ~ - I< i f :t ~ i. C OS ~ J 
·:·,; 
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Having L1 = L2 =Land plate thickness h gives 
'·i 
K:r-:: i [( K,01 - K1·~t) S1Nf ) 
,,.. ___ , 
+ { 1<, p1 - k';i. p~) cos~ J 
'· 
(AJ.) 
KJI_ = ~.[( Ki9, - 1<1 ~1) 51N@ 
• 
+ ( KA p 1 ~. l\ ~ P x } Cr) s@] 
Substitution of K1 and K11 from equation (A2) into equation (Al) gives 
80 for the right side of the crack. 
[(K,~ 1 - K,j2.)s1A1~ 
+ ( I< 1 p , - K 1 ~ i.) er;; s f J s I w e CJ 
+ [ ( . K;t ~ l - K ~ ~ :). ) s l N @ 
. . ,. 
'l 
' '"'-
... 47··-· 
, (A3) 
•. •, 
.. 
... . 
~ f'"'t;. 
~-:>;i·· 
(,:-•,,2··:t·::·.·:::.:i-:.'.•/.:··:.'' .·. ,''•,;,,- ',·· 1/" ,,,, ·"''' ·, ,I.,. 
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APPENDIX B 
For the ~loading of a cracked plate in Figure 4, the stress 
intensity factors and crack growth angles are determined as follows: 
The stress intensity factors for the right end of the crack with 
the in-plane force Qare obtained from equation (4). The'·computer 
program gives K1q and K2q for a unit load Q. For uniform tension 
at infinity, the stress intensity factors are given by equation (5) • 
. With , a = 1 , and a 9'' p 1 ate wi d th we arr i ve at 
Kr z: O.ICf 7 Q -h 
Kn:= O 
where his the plate thickness. Since we have uniform tension at 
infinity at one end of th.e plate, one half of these values are used • 
Values of the stress intensity factors for the combined loading are 
obtained by superposition~ 
(BI) 
The crack extension angle So can be obtained by substitution into 
equation ( 3). 
.:-:--:. 
Doing this, we have 
from which va ues of eo can be found. 
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